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(57) Abstract 

A unitary powder metal gear or 
sprocket (10) has a teeth region (16) 
which extends 2-5 mm below the tooth 
root diameter and a body region (14) 
radially inside of the teeth region (16), 
The teeth region (16) is pressed to a 
higher density than the body region (14) 
in a two chamber compaction die. The 
teeth region (16) is made of a sinter 
or induction hardening material, and the 
body region (14) is made of a liquid 
phase sintered material. Materials for 
the teeth (16) and body (14) regions are 
selected for compatibility by compacting 
them into a bimetallic strip (20. 22) with 
the teeth material (18) on one side and 
the body material (19) on the oUier side, 
sintering the strip (20.22) and observing 
the amount it bends. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify Stales party to the PCT on the from pages of pamphlets puUishing international 
applications under the PCT. 



AM 


Anncnia 


GB 


United Kiqgdoro 


MW 


M^wi 


AT 


Austria 


GB 


Geocsia 


MX 


Mexico 


AV 


Auslralia 
Biilwlot 


GN 


Guinea 


NE 


Niger 


BB 


GR 


Giceoe 


NL 


Netherlands 


BB 


Bdgiam 


HU 


Huqgvy 


NO 


Norway 


BF 


BmfcimFaso 


IE 


Irelmd 


NZ 


New Zealand 


EG 


Batgm 

Benin 


IT 


baly 


PL 


Poland 


BJ 


JP 


Japan 


FT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Bclanu 


KG 


Kyrgyttan 


RU 


Russian Federation 


CA 


Canada 


KP 


Democnltc People't Repubfie 


SD 


Sudtn 
Sweden 


CF 


Central African Rqwblic 




of Korea 


SB 


CG 


Congo 


KR 


Reimblic of Korea 


SG 


Singapore 
Slovenia 


CH 


Switzerland 


KZ 


Kazakhttaa 


SI 


a 


COled*lvoiic 


U 


LiectacMicin 


SK 


Slovakia 


CM 


OnncfQon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


Chhu 


LR 


Liberia 


sz 


Swaziland 


CS 


Czechoalovakia 


LT 


Lithuatua 


TD 


Chad 


CZ 


Czech Rqxiblic 


LU 


Loxembourg 


TG 


Togo 


DE 


Gennany 


LV 


Latvia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinklad and TobiBO 


EE 


Estonia 


MD 


RepubBc of MoUova 


UA 


Ukiaine 


ES 


Spun 


MG 


Madagascar 


UG 


Uganda 


FI 


Finland 


ML 


Mali 


US 


UniMd States of Amerioi 


FR 


Franoc 


MN 


Mongolia 


UZ 


Uzbekistan 


GA 


Gaboo 


MR 


Mauritama 


VN 


Viet Nam 



wo 97/22819 



PCT/US96/19377 



DUPLEX SPROCKBT/GEAR CONSTRUCTION 
AND METHOD OF MAKING SAME 

This application claims the benefit of U.S. 
Provisional Patent Application No. 60/008,696 filed 

December 15, 1995. 

Backgroxizid of the Invention 
Field of the Invention 

This invention relates to sprockets and gears, and in 
particular to a construction for sprockets and gears which 
5 is made using dissimilar compatible powder metals. 

Discussion of the Prior Art 

Internal combustion engines must ensure that the 
piston motion which compresses the air/fuel mixture is 
coordinated with the intake and exhaust valves opening and 
10 closing by means of a timing system. The most common 

timing system utilizes two sprockets with teeth encompassed 
by a metal link chain. The crankshaft sprocket drives the 
chain which in turn applies torque to the camshaft 
sprocket, thereby turning it in unison. Typically, the 
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camshaft sprocket is significantly larger than the 
crankshaft sprocket, to effect a speed reduction. 

Camshaft sprockets are usually made from a metal 
stamping or machined casting of aluminum alloy or cast 
iron. Modern high output engines demand greater precision 
and improved endurance including tooth strength and wear 
resistance. An additional requirement is quietness, 
referred to as NVH quality (noise vibration and harshness) . 

In recent years, a new technique of manufacture is 
powder metallurgy (P/M) . This involves the use of iron and 
other powders which are blended and then compacted into a 
preform shaped like the cam sprocket. A thermal treatment 
called sintering causes the compacted particles to bond 
together metallurgically forming a structural component. 
The P/M process has the benefit of large volume precision 
component manufacture. 

In the case of high functional demands, for example a 
sprocket or gear, a P/M part has to be made to a high 
density. This generally requires a process sequence 
involving powder compaction, sintering, repressing and 
finally induction hardening. The high -alloy and high 
density result in high cost in production and high weight, 
particularly in a large sprocket or gear. In addition, 
high density imparts a high modulus of elasticity to the 
P/M alloy which transmits noise (i.e. "rings" when 
subjected to mechanical vibration) . 
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Summary o£ the Invention 

The invention provides an improved powder metal 
sprocket or gear of unitary construction having engagement 
teeth in a teeth region around the periphery of a body 
5 region in which the teeth region is of a different powder 

metal material than the body region. The two different 
powder alloys have properties tailored to the local 
functional requirements. 

In a useful form, the teeth are made from an alloy 

10 steel which is hardenable. Preferably, this alloy hardens 

directly on cooling from the sintering furnace to eliminate 
any subsequent hardening steps. Alternatively, this alloy 
can be an induction hardening alloy. 

Preferably, the teeth region extends to just below the 

15 teeth roots and is compacted to high density to ensure high 

tooth strength and wear resistance. The majority of the 
part inside of the teeth, which is the body, is made from 
a powder blend which can be compacted at low pressure to 
low density, yet exhibits high compacted strength to enable 

20 handling without cracking prior to sintering. The higher 

density of the teeth region provides high tooth strength 
and wear resistance, and the lower density of the body 
region reduces weight and deadens sound transmission. 

In order to achieve adequate functional strength in 

25 the body of the finished product at a relatively low 

density, a metallurgical process known as liquid phase 
sintering is used. This produces a small amount of evenly 
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distributed molten metal during sintering. This activates 
diffusion of the metal powder surfaces resulting in a 
stronger material and rounded micro-porosity which provides 
toughness. The low density of the body provides a low 
elastic modulus that tends to deaden sound. The low weight 
is an advantage in service since it requires less energy to 
accelerate and decelerate the sprocket. Weight savings of 
over 25% are possible with this approach. 

In addition, the lower alloy level and lower weight of 
the body, plus avoidance of induction hardening, result in 
substantial cost reduction in manufacturing. Since a lower 
compacting pressure is required for the low density core 
(30% of the conventional pressure) a smaller, faster and 
less expensive press can be used to further reduce the 
cost . 

In a preferred method of making a gear or sprocket of 
the invention, the powder metal material of the teeth 
region is charged into a teeth region of a two chamber 
compaction die and the powder metal material of the body 
region is charged into a body region of the die. The 
powders in the die are then pressed with a higher pressure 
in the teeth region than in the body region. The sprocket 
or gear in then ejected and sintered. In connection with 
this method, materials for the teeth and body regions are 
selected for compatibility by compacting them into a 
bimetallic strip, sintering the strip and observing the 
amount it bends. 



wo 97/22819 



PCT/US96/19377 



5 

Other objects and advantages of the invention will be 
apparent from the detailed description and drawings. 

Brief Description of the Drawings 
Fig. 1 is a front plan view of a sprocket made 

according to the inventions- 
Fig. 2 is a perspective view of a bi-metallic test 

sample made of two materials which are diraensionally 

compatible; 

Fig. 3 is a perspective view of a bi-metallic test 
sample made of two materials which are dimensionally 
incompatible . 

Detailed Description of the Preferred Eznbodiments 

Fig. 1 illustrates a sprocket 10 made in accordance 
with the invention. The sprocket 10 is made in one piece, 
i.e., it is unitary, and includes a body 14 supporting 
peripheral teeth 16. Different zones or regions are 
defined within the sprocket 10 by the two different 
materials which are used to make the body 14 and teeth 16 . 
The approximate dividing line between the two materials is 
identified by the line 12, with the relatively soft, porous 
material of the body zone 14 radially inside of the line 12 
and the relatively hard, dense material of the teeth zone 
16 radially outside of the line 12. 

The outer teeth zone 16 preferably extends inside of 
the tooth root diameter by approximately 2mm to 5mm. It 
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should be understood that the line 12 may not necessarily 
be a perfectly sharp line, as some fusing and diffusion of 
the two materials across this line takes place in 
product ion - 

The teeth 16 and body 14 alloys must be compatible 
materials so that they will be dimensionally stable during 
the sintering process. During sintering of the compact, 
each alloy powder either shrinks or grows. It is important 
to match the dimensional change of the two alloys to 
minimize distortion and residual stresses on cooling. To 
achieve this neutral situation, a series of experiments was 
carried out with many variations of each of the two alloys 
being evaluated. 

A novel approach was used to evaluate dimensional 
compatibility of the two alloys. A thin two layer 
rectangular compact was made and then sintered standing on 
edge as shown in Figs . 2 and 3 . The proposed teeth 
material is used on one side 18 and the proposed body 
material is used on the other side 19 of the bar. The 
result is a bi-metallic strip that will bend in one 
direction or the other, or stay straight, depending on the 
relative expansion/contraction differential . Successful 
combinations resulted in a straight bar 20 as shown in Fig. 
2, indicating compatibility, whereas unsuccessful 
combinations resulted in bars that curved excessively one 
way or the other, like the bar 22 shown in Fig. 3, 
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To manufacture a sprocket 10, the two separate powder 
blends are charged into a two chamber compaction die, which 
does not form part of this invention. Two chamber 
compaction dies are known, for example, for making bearings 
formed of two different materials. A thin retractable 
divider sleeve separates the two chambers (the inside 
chamber for the body 14 and the outside chamber for the 
teeth 16) along the junction identified by the line 12. 
The requisite amount of the powder metal alloy for the 
teeth 16 is placed in the outside chamber and the requisite 
amount of the powder metal alloy for the body 14 is placed 
in the inside chamber, preferably by known automatic 
equipment. The divider sleeve is then retracted to allow 
the two alloys to interface with one another at the 
junction 12, and separate punches are used to compact the 
teeth 16 and body 14 of the sprocket 10 so that different 
densities can be achieved as indicated earlier. 

Preferably, the body material is a 2% copper medium 
carbon steel with an additive to enhance low density and 
green strength. The teeth are made from a modified ASTM 
4600 composition which hardens during the sintering 
operation- Such an alloy is herein referred to as a 
sinter-hardening alloy, which is an alloy that forms a 
martensite structure when cooling from a sintering furnace. 
An example of the invention is as follows: 
Two powder blends are prepared, one for the sprocket 
teeth 16 and one for the body 14 of the sprocket. The 
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teeth blend consists of: 96.3% of an iron, nickel, 
molybdenum pre-alloy powder containing 2% nickel and 0.5% 
molybdenum (balance iron) ; 1% of elemental copper; 1% of 
elemental nickel; 1% of fine graphite; and 0.7% of a 
pressing lubricant such as zinc stearate. 

The body blend consists of 76.7% base iron made by 
atomization; 20% high compaction strength iron powder; 2% 
copper; 0.3% graphite; and 1% butyl stearamide pressing 
lubricant . 

The two powders are contained in a feeding device that 
places the high alloy powder into the outer cam sprocket 
teeth area and the low cost, low alloy powder into the 
sprocket body area of the compaction tooling. Separate 
lower punches are provided for the teeth area and the body 
area, respectively, to enable each to be compacted to the 
required density. The powders are then compacted in a 
suitable press and the powder compact is ejected from the 
tooling. The teeth are typically compacted at about 3 
times the pressure of the body, e.g., 45 tons/in^ for the 
teeth 16 and 15 tons/in^ for the body 14. 

The compact is then passed through a continuous 
sintering furnace set at 2070* F for 15 minutes. The 
furnace is fitted with an accelerated cooling device. On 
cooling, the sprocket teeth are hardened but the body 
remains soft due to the different alloy compositions. The 
sintered body may then be machined to final tolerances and 
subjected to deburring to smooth off the sharp edges. The 
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parts are dipped in rust protective fluid and packed for 
shipment . 

Although a sprocket is described in detail for 
practicing the invention, it should be understood that the 
invention could be applied to a gear as well. In addition, 
it should be understood that an induction-hardening 
material could be used for the teeth, rather than a sinter- 
hardening material . 

Thus, a sprocket or gear made of two separate 
materials manufactured by powder metallurgy, one material 
for the teeth and one for the body has been described. The 
outer teeth region is preferably made from a 
sinter-hardening alloy, which avoids an additional heat 
treatment step. The material of the teeth is compacted at 
high density for strength and wear resistance. The body is 
made from a low alloy, low density material to save weight, 
absorb noise and minimize cost. The result is a sprocket 
or gear that has improved performance, reduced weight and 
lower cost. 
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We Claim: 

1. In a powder metal gear or sprocket of unitary 
construction having engagement teeth in a teeth region 
around the periphery of a body region, the improvement 
wherein said teeth region is made of a different powder 
metal material than said body region. 

2. The improvement of claim 1, wherein said teeth 
region is of a higher density than said body region. 

3. The improvement of claim 2, wherein said teeth 
region is made of a sinter -hardening material. 

4. The improvement of claim 2, wherein said teeth 
region is made of an induction hardening material . 

5. The improvement of claim 1, wherein said teeth 
region extends below a tooth root diameter of said gear or 
sprocket . 

6. The improvement of claim 5, wherein said teeth 
region extends below said tooth root diameter by from 2-5 
millimeters. 

7. The improvement of claim 1, wherein said body 
region is made from a powder metal material which is a 2% 
copper medium carbon steel with an additive to enhance low 
density and green strength. 

8. The improvement of claim 1, wherein said teeth 
region is made from a powder metal material which is a 
modified ASTM 4600 composition which hardens during a 
sintering operation. 
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9. A method of making a powder metal gear or 

sprocket as claimed in claim 1, comprising the steps of: 
charging a teeth region of a two chamber compaction 

die with the powder metal material of said teeth region of 

said gear or sprockets- 
charging a body region of said compaction die with the 

powder metal material of said body region of said gear or 

sprocket ; 

pressing said powder metal material in said compaction 
die with a higher pressure in said teeth region than in 
said body region; 

ejecting said gear or sprocket from said compaction 
die ; and 

sintering said gear or sprocket. 

10- A method as claimed in claim 9, wherein said 
powder metal materials of said teeth and body regions are 
selected, prior to charging them into said die, by 
compacting said materials into a bimetallic strip with one 
of said materials on one side and the other of said 
materials on the other side, sintering said strip, and 
observing the shape of said strip. 
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